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(57) Abstract 

A sensor (10) for monitoring periodic movement of a human subject typically includes a tran smit ter (14) for transmitting a wireless 
signal towards a region of the subject and a receiver (16) for receiving a reflected part of the signal. A processor (18) analyzes the reflected 
pail of the signal to identify periodic movement of the region of the human subject. The system may employ electromagnetic radiation 
or ultrasound, and may analyze variations in intensity, time of flight or Doppler shift. Other embodiments employ proximity sensors, 
transducers for sensing mechanical vibrations or sound, or a video camera and image processing. 
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SENSORS FOR MONITORING PERIODIC MOVEMENT 
OF A HUMAN SUBJECT 



FIELD AND BACKGROUND OF THE INVENTION 

The present invention relates to devices for sensing human activity and, 
5 in particular, it concerns sensors for monitoring periodic movement of a human 
subject. 

It is known to measure the level of activity of a subject using an exercise 
apparatus. For example, it is common for exercise bicycles and Jreadmills to be 
provided with a digital or analogue display which indicates the current level of 
10 effort being exerted by the subject. The measured level of activity can also be 
used as an input to a video game so as to provide an advantage to the subject 
when he exerts himself. This serves as an incentive to performance of the 
exercise activity. 

The device used for measuring the level of activity for any given 
15 exercise apparatus is highly specific to the apparatus used. For example, in an 
exercise bicycle, the device typically measures the speed of rotation of a wheel. 
In a treadmill, the measurement is typically based on the speed of rotation of a 
roller in contact with the belt. As a result of the specialized nature of the 
measurement devices, any game system of other additional system associated 
20 with the activity level sensor must normally be designed or adapted specially 
for each exercise apparatus. This renders such systems very expensive. 

An additional problem is posed by forms of exercise in which no 
specific exercise apparatus is used. PCT Publication No. WO 96/05766 
describes a system in which a pressure sensitive pad is employed to measure 
25 the activity level of a subject running on-the-spot. The activity is calculated 
from a combination of the frequency of contact and the proportion of time spent 
airborne between steps. However, such a system is not readily adapted to other 
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exercise activities in which the feet do not move so regularly such as, for 
example, "sit-ups" and other floor exercises. 

There is therefore a need for sensors which can be used with minimal 
adjustment for monitoring the activity level of a human subject performing a 
5 wide range of exercise activities, both with and without a particular exercise 
apparatus. 



SUMMARY OF THE INVENTION 

The present invention is a sensor for monitoring periodic movement of a 
human subject. 

10 According to the teachings of the present invention there is provided, a 

sensor for monitoring periodic movement of a human subject, the sensor 
comprising: (a) a transmitter for transmitting a wireless signal towards a region 
of the human subject; (b) a receiver for receiving a part of the signal reflected 
from the region of the human subject; and (c) a processor, associated with the 
15 receiver, for analyzing the reflected part of the signal to identify periodic 
movement of the region of the human subject. 

According to a further feature of the present invention, the transmitter 
transmits an electromagnetic signal. 

According to a further feature of the present invention, the 
20 electromagnetic signal is an infrared signal. 

According to a further feature of the present invention, the processor 
identifies periodic movement of the region of the human subject by identifying 
periodic variations in the intensity of the reflected part of the signal. 

According to a further feature of the present invention, the processor 
25 identifies periodic movement of the region of the human subject by identifying 
periodic variations in the Doppler shift of the reflected part of the signal. 

According to a further feature of the present invention, the transmitter 
transmits a pressure-wave signal. 
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According to a further feature of the present invention, the pressure- 
wave signal is an ultrasound signal. 

According to a further feature of the present invention, the processor 
identifies periodic movement of the region of the human subject by identifying 
periodic variations in the intensity of the reflected part of the signal. 

According to a further feature of the present invention, the processor 
identifies periodic movement of the region of the human subject by identifying 
periodic variations in the Doppler shift of the reflected part of the signal. 

According to a further feature of the present invention, the processor 
identifies periodic movement of the region of the human subject by identifying 
periodic variations in the time of flight of the reflected part of the signal. 

There is also provided according to the teachings of the present 
invention, a sensor for monitoring periodic movement of a limb of a human 
subject, the sensor comprising: (a) a transmiQ^^ 

transmitting a wi reless ^signal ; (b) a receiver mounted on the limb for receiving 
a part of the signal reflected from proximal surfaces; and (c) a processor, 
associated with the receiver, for analyzing the reflected part of the signal to 
identify periodic movement of the limb of the human subject. 

There is also provided according to the teachings of the present 
invention, a sensor for monitoring periodic movement of a limb of a human 
subject relative to a reference position, the sensor comprising: (a) a proximity 
sensor including a first element mounted on the limb of the human subject, and 
a second element mounted at the reference position, one of the first and second 
elements being responsive to proximity of the other of the elements to generate 
a signal; and (b) a processor, associated with the one of the first and second 
elements and responsive to the signal, for identifying periodic movement of the 
limb of the human subject relative to the reference position. 

According to a further feature of the present invention, the one of the 
elements includes a transmitter for transmitting an electromagnetic signal of a 
given frequency, and the other of the elements includes a transponder 
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responsive to the given frequency to transmit a secondary electromagnetic 
signal. 

According to a further feature of the present invention, the proximity 
sensor senses variations in capacitance resulting from proximity of the two 
5 elements. 

According to a further feature of the present invention, the one of the 
elements senses variations in magnetic field resulting from proximity of the 
other of the elements. 

According to a further feature of the present invention, the other of the 
10 elements includes a permanent magnet. 

According to a further feature of the present invention, the other of the 
elements includes an electromagnet. 

According to a further feature of the present invention, the one of the 
elements includes a Hall effect magnetic- field sensor. - - 

15 There is also provided according to the teachings of the present 

invention, a method for identifying a level of exertion of a human subject 
performing an exercise activity, the method comprising: (a) generating range 
information relating to the distance from a reference point to a part of the 
human subject; (b) analyzing the range information to identify periodic 
20 movement of the part of the human subject. 

According to a further feature of the present invention, the range 
information is generated by a proximity sensor. 

According to a further feature of the present invention, the proximity 
sensor includes a first element located at the reference point and a second 
25 element attached to the part of the human subject. 

According to a further feature of the present invention, the range 
information is generated by a range sensor. 

According to a further feature of the present invention, the range 
information is generated by measurement of an intensity of a signal reflected by 
30 the part of the human subject. 
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There is also provided according to the teachings of the present 
invention, a method for identifying a level of exertion of a human subject 
performing an exercise activity, the method comprising: (a) positioning a 
transducer so as to receive vibrations generated by movement of a part of the 
5 human subject; and (b) analyzing the received vibrations to identify periodic 
movement of the part of the human subject. 

There is also provided according to the teachings of the present 
invention, a method for identifying a level of exertion of a human subject 
performing an exercise activity, the method comprising: (a) recording a 
10 sequence of video images of at least a part of the human subject; and 
(b) analyzing the sequence of video images to identify periodic movement 
within the sequence. 

There is also provided according to the teachings of the present 
invention, an exercise-responsive game system comprising: (a) a sensor for 
15 producing an output indicative of a rate of periodic 'movement performed by a 
subject, the sensor including: (i) a transmitter for transmitting a wireless signal 
towards a region of the subject, (ii) a receiver for receiving a part of the signal 
reflected from the region of the subject, and (iii)'a processor, associated with 
the receiver, for analyzing the reflected part of the signal to identify periodic 
20 movement of the region of the subject, the processor generating an output 
indicative of the rate of the periodic movement; and (b) a game device 
operatively connected to the sensor for implementing a computer game, the 
game device being responsive to the output to vary a parameter of the computer 
game. 

25 According to a further feature of the present invention, the game device 

includes: (a) a display for displaying the computer game; and (b) an input 
device for allowing the subject to control an element of the computer game. 



5 



WO 98/36400 PCT/US98/02080 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is herein described, by way of example only, with 
reference to the accompanying drawings, wherein: 

FIG. 1 is a schematic representation of a first embodiment of a sensor, 
5 constructed and operative according to the teachings of the present invention, 
for monitoring periodic movement of a human subject; 

FIG. 2 is a plot of transmitted and received signals according to a first 
implementation of the sensor of Figure 1 ; 

FIG. 3 is a plot of transmitted and received signals according to a second 
10 implementation of the sensor of Figure 1; 

FIGS. 4A and 4B are side views of the sensor of Figure 1, showing 
interchangeable mounting adapters; 

FIGS. 5A are schematic side views illustrating possible positioning of 
the sensor of Figure 1 in the context of various exercise activities; 
15 FIG. 6 is a schematic side view of an exercise-dependent game system, 

constructed and operative according to the teachings of the present invention, 
including the sensor of Figure 1; 

FIG. 7 is a schematic perspective view of a second embodiment of a 
sensor, constructed and operative according to the teachings of the present 
20 invention, for monitoring periodic movement of a human subject, the sensor 
being adapted for attachment to a limb of the subject; 

FIGS. 8A and 8B are schematic illustrations of the sensor of Figure 7 in 

use; 

FIG. 9 is a schematic side view illustrating a third embodiment of a 
25 sensor, constructed and operative according to the teachings of the present 
invention, for monitoring periodic movement of a human subject; 

FIG. 10 is a schematic side view illustrating a fourth embodiment of a 
sensor, constructed and operative according to the teachings of the present 
invention, for monitoring periodic movement of a human subject; and 
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FIGS. 11 A- 11C show a sequence of video images generated according 
to the method of a fifth embodiment of a sensor, constructed and operative 
according to the teachings of the present invention, for monitoring periodic 
movement of a human subject. 



5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is a sensor for monitoring periodic movement of a 
human subject. 

The principles and operation of a sensor according to the present 
invention may be better understood with reference to the drawings and the 

10 accompanying description. 

Referring now to the drawings, Figure 1 shows a first embodiment of a 
sensor, generally designated 10, constructed and operative according to the 
teachings of the present invention, for monitoring periodic movement of a 
region of a human subject represented by leg 12. Generally speaking, sensor 10 

15 has a transmitter 14 for transmitting a wireless signal towards leg 12, and a 
receiver 16 for receiving a part of the signal reflected from leg 12. A processor 
18 is associated with receiver 16 for analyzing the reflected part of the signal to 
identify periodic movement of leg 12. Processor 18 then typically outputs 
information about the periodic movement via output cable 20. Power for sensor 

20 10 is preferably provided by a battery 22. 

It should be noted that the term "periodic" is used herein in the 
specification and claims to refer to any motion in which a given movement is 
performed repeatedly. The repetition is not necessarily, or even typically, exact. 
For example, the movements of a subject's limbs while running is considered, 

25 for this purpose, periodic, although the exact form of the movement, its extent 
and its speed may vary considerably between successive steps. Furthermore, the 
periodic nature of the movement may be somewhat irregular. For this reason, it 
is a short-term average value of the frequency of periodic movement, taken 
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over a number of cycles, which is typically used as an indication of exerted 
effort. 

Operation of a range of implementations of the present invention may be 
considered broadly as generating range information relating to the distance 
5 from a reference point to a part of the human subject and then analyzing the 
range information to identify periodic movement of the part of the human 
subject. In this context, the term "range information" is defined broadly as any 
information related to the distance from the reference position to the part of the 
subject's body, whether of a low resolution or even binary nature such as the 

10 output from a proximity sensor, or of a more precise quantitative nature. When 
the term "range sensor' is employed, it refers to a device of any kind designed 
to evaluate the distance between the sensor and some other object. 

Turning now to Figures 2 and 3, it should be appreciated that sensor 10 
may be implemented in a number of ways. Specifically, transmitter 14 and 

15 receiver 16 may be designed to transmit and receive any of a number of 
different types of signals "including, but not limited to, electromagnetic waves 
of various frequencies and pressure waves such as ultrasound. Similarly, 
processor 18 may employ various techniques and algorithms for identifying 
periodicity. For the purposes of illustration only, two particular examples will 

20 be described in some detail. However, it will be clear to one ordinarily skilled 
in the art that the present invention may readily be implemented with a wide 
range of other combinations not explicitly described herein. 

Figure 2 illustrates a transmitted signal 24 and a corresponding received 
signal 26 for a first implementation of sensor 10 based of infrared reflected 

25 intensity. Transmitter 14 transmits a sequence of pulses of infrared radiation 
towards leg 12, corresponding to signal 24, and receiver 16 receives a reflected 
signal, corresponding to signal 26. The frequency of pulses in transmitted 
signal 24 is preferably chosen to be significantly greater than the anticipated 
frequency of movement of the subject. Typically, at least ten pulses are 

30 transmitted per second, and preferably at least about 30 per second. For 



WO 98/36400 



PCTYUS98/02080 



purposes of schematic representation, the frequency of pulses shown in Figure 
2 has been reduced. 

The exact intensity of the reflected signal depends on many variables 
such as the reflectivity of the surfaces within the field of view, their positions 
5 and their orientations. However, for a given position of sensor 10 directed 
towards a subject who is exercising, it is reasonable to assume that the only 
variable factors are a result of the movement of the subject. In particular, the 
most significant single variable factor in the reflected intensity is typically the 
distance between the reflecting surface and the receiver. As a result, periodic 

10 movement towards and away from the sensor results in varying intensities of 
the reflected pulses, as shown. 

In the case of electromagnetic radiation, any time lag between 
transmission of the transmitted signal and reception of the reflected signal is 
typically short compared to the length of the pulses. This "allows simple 

15 selection of the parts of the received signal corresponding to each transmitted 
pulse. Processor 18 then performs basic signal processing on the received signal 
to identify periodicity. This may be achieved by use of a wide range of 
algorithms. By way of example only, one possible algorithm identifies 
crossings of an upper-third value and a lower-third value. Specifically, the 

20 algorithm identifies the maximum and minimum values of reflected pulse 
intensities in the reflected signal occurring within a given time period. The 
minimum-to-maximum range is then divided into three equal portions thereby 
defining an upper-third value and a lower-third value. Periodicity can then be 
identified as a sequence of: an upward crossing of the upper-third value; a 

25 downward crossing of the upper-third value; a downward crossing of the lower- 
third value; and an upward crossing of the lower-third value. The period of the 
movement is then identified as the time between two equivalent crossings, and 
the frequency is the reciprocal of that measurement. As mentioned earlier, 
processor 18 preferably averages a sequence of frequency measurements to 

30 provide a value representative of the level of effort being exerted. 
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It should be noted that the above algorithm, as well as a range of other 
algorithms, may be performed on successive discrete sequences of values, or on 
a dynamically changing set of values falling within a moving time-window. In 
either case, the number of values processed for each reading preferably 
5 corresponds to between about three and about ten seconds, thereby ensuring 
that the readings include a number of repetitions for most common exercise 
activities. 

It should also be noted that the required algorithms, and hence processor 
18, may be implemented by either digital or analogue technology, and by either 
10 purpose designed hardware or a suitably programmed general purpose 
processor. 

As mentioned earlier, system 10 may also be implemented with pressure 
waves, such as ultrasound. In principle, the intensity-measurement based 
analysis described above with reference to Figure 2 may also be applied to an 

15 ultrasound implementation. However, problems of ambient noise would 
complicate such an implementation. It is therefore usually advantageous to 
replace, or supplement, the intensity-measurement based analysis with one 
based on time-of-flight and/or Doppler shift. Ultrasound time-of-flight ranging 
is based on measurements of the delay between transmission of a pulse and 

20 reception of the corresponding reflected pulse. Since this delay corresponds to 
the time taken for the pressure waves to travel twice the sensor-to-object 
distance, the delay time is a direct indication of the distance between the sensor 
and the object. A Doppler shift approach is based on the variations in frequency 
of the reflected signal caused by the velocity of the reflecting surface relative to 

25 the sensor. Parenthetically, it is noted that Doppler shift and time-of-flight 
techniques may, in some cases, be usable also with embodiments employing 
electromagnetic radiation signals. 

Figure 3 illustrates a transmitted signal 30 and a corresponding received 
signal 32 for a second implementation of sensor 10 based of ultrasound Doppler 

30 effects. Transmitter 14 transmits a sequence of pulses of ultrasound towards leg 

10 



WO 98/36400 



PCT7US98/02080 



12, corresponding to signal 30, and receiver 16 receives a reflected signal, 
corresponding to signal 26. Here too, the frequency of pulses in transmitted 
signal 30 is preferably chosen to be significantly greater than the anticipated 
frequency of movement of the subject. Furthermore, the frequency of 
5 ultrasound employed is typically much higher than the frequency of the pulses 
and each pulse contains many ultrasound vibrations. For the purpose of 
schematic representation, these relative frequencies have been distorted in 
Figure 3. 

Transmitted signal 30 typically contains pulses of a given constant 

10 frequency v 0 . Received signal 32 contains corresponding pulses each of which 
is delayed by a certain time-of-flight delay relative to the transmitted pulse, and 
may be slightly frequency-shifted relative to the transmitted v 0 frequency. 
Thus, by way of schematic example, received signal 32 is shown with a first 
pulse with upwardly-shifted or increased frequency, a second "pulse with 

15 downwardly-shifted or lower frequency, and a third pulse approximating to the 
transmitted frequency. It should be noted that these effects are shown here in an 
exaggerated manner, and that transitions between opposite frequency shifts will 
typically take place over a span of number of pulses. 

Since the degree of frequency shift is proportional to the velocity of the 

20 reflecting surface relative to, and aligned with, the sensor, periodicity of the 
frequency shift variations corresponds to periodic reciprocating movement. 
Thus, periodic movement of a subject may be identified and its frequency 
measured in a manner similar to that described above. 

Turning now to Figures 4A and 4B, it is a particular feature of most 

25 preferred embodiments of the present invention that sensor 10 is not limited to 
use with any specific type of exercise apparatus. Furthermore, it is preferably 
suitable for use with a wide range of exercise activities which do not require 
specialized apparatus. To this end, sensor 10 is preferably implemented as a 
compact unit 34 with an attachment bracket 36 suitable (Figure 4A) for 

30 attachment to a wide variety of exercise apparatuses and other common objects 
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in the vicinity of the subject. Attachment bracket 36 may employ any 
conventional attachment including, but not limited to, flexible straps with or 
without Velcro , suction cups, magnets, and clips of various types. Typically, a 
spring clip may provide the most versatile attachment bracket 36, as shown. 
5 For certain applications, sensor unit 34 may be used free-standing on a 

floor or other surface. For this purpose, sensor unit 34 may be provided with 
one or more leg 38. Legs 38 may be adjustable to change the inclination, and 
hence field of view, of sensor unit 34. In a preferred embodiment, legs 38 and a 
number of alternative attachment brackets 36 are provided for interchangeably 

10 attaching to and removing from sensor unit 34 depending on the particular 
application required. 

Figures 5A-5E illustrate the positioning of sensor 10 for use in a range 
of exercise activities. Specifically, Figures 5A-5C show sensor unit 34 attached 
to an exercise bicycle 40, a treadmill 42 and a rowing machine 44, respectively. 

15 Figures 5D and 5E show sensor unit 34 mounted on the floor for monitoring a 
subject 46 performing sit-ups and jogging on-the-spot, respectively. 

In this context, it should be noted that sensor 10 does not generally 
require precise positioning or alignment. For example, all embodiments in 
which range information is used can function properly in a wide range of 

20 positions. If positioned such that a part of the body is within the field of view at 
all times, the sensor will detect any periodicity in the changes of the position of 
that part of the body. If positioned such that a part of the body enters and leaves 
the field of view, the alternation of views of the body part and a more distant 
background will also provide the required periodicity. Only in the case of a 

25 Doppler-based system is it important to avoid arrangements in which the 
primary movement is purely transverse to the viewing direction. 

As mentioned earlier, the sensors of the present invention may be used 
in any situation in which an indication of the degree of exertion of a human 
subject is desired. However, the sensors are considered to be of particular 

30 significance in the context of exercise-dependent computer games. The phrase 
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"exercise-dependent computer game" is used herein in the specification and 
claims to refer to any electronic implementation of a game in which some 
aspect of the game or its presentation changes in response to an indication of 
exertion, typically by the player. Such games include, but are not limited to, 
5 video games of all sorts such as vehicle simulators, interactive combat games, 
and games of the type commonly associated with the tradename Pacman , 
games of chance, and thought games which progress in discrete steps, 
commonly called "moves", selected by the player from a finite set of possible 
moves on the basis of analysis. Examples of the latter sort include a wide range 

10 of board games and card games such as chess, draughts, othello, backgammon, 
scrabble and bridge, as well as games in which a recollection of the previous 
progression of a game gives the player an advantage, such as adventure-type 
computer games. Techniques for rendering thought games and games of chance 
"exercise-dependent" are addressed in a co-pending application entitled 

15 "System and Method for Exercise-Dependent Thought-Game" filed the same 
day as this application. 

Figure 6 illustrates the typical components of an exercise-dependent 
game system, generally designated 50, constructed and operative according to 
the teachings of the present invention, employing sensor unit 34. System 50 

20 includes a display 52, an input device 54, and a processor 56, typically 
implemented as a microcomputer. Display 52, input device 54, and processor 
56 may be implemented as any conventional components, and some or all of 
them may be combined in any combination within a single combination "game 
unit". 

25 Turning now to a second embodiment of the present invention, Figures 

^,^A^and^B show a sensor, generally designated 60, constructed and operative 
according to the teachings of the present invention, for monitoring periodic 
movement of a limb 62 of a human subject. Generally speaking, sensor 60 is 
similar to sensor 10, both in structure and function, and may be understood by 

30 analogy to the above description. Sensor 60 differs from sensor 10 primarily in 
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that it is adapted for mounting on the limb of a subject. It follows that, 
technically speaking, sensor 60 monitors periodic movement of the 
surroundings relative to the subject. 

Specifically, sensor 60 is provided with means 64 for attaching it to a 
5 limb of the subject. This attachment means may take any form conventionally 
used for attachment to the body. Typically, the most convenient form is a 
flexible cuff provided with Velcro^, as shown. Qut2Ui.fro may be 

through direct connection via electrical wires. However, for convenience of 
use, sensor 60 preJferable.xoatains.,. dements of a wireless^mmunications link, 
10 typically of radio frequency, for transmission of the output to a remo te r eceive r 
ynit 66. 

Figures 8A and 8B illustrate sensor 60 in use. Clearly, most periodic 
movement will result in periodic variations in both the distance and yelocityjof 
sensor 60 relative to proximal surfaces, represented here by distances d, and d 2 . 

15 As a result, sensor 60 can identify and monitor periodic movement in the same 
manner as described in relation to sensor 10, above. Again, the positioning of 
sensor 60 is generally not critical. The sensor is typically designed to have a 
maximum range of between about 1 and about 2 meters. This is usually 
sufficient to ensure reception of signals reflected from some surfaces proximal 

20 to the subject. 

Turning now to Figures 9-11, these illustrate a further three 
embodiments of the sensor of the present invention employing different 
operational principles from the embodiments described thus far. Figure 9 shows 
a sensor, generally designated _70, constructed and operative according to the 

25 teachings of the present invention, which employs a two-element proximity 
sensor to monitor periodic movement of a limb 72 of a human subject relative 
to a reference position. 

Sensor 70 includes a first proximity sensor demenl.74 mountedjDQ limb 
72, and a second proximity s.ejn^or._..dem^nL 76 mounted at the reference 

30 position. Second element 76 is responsive to proximity of first element 74 
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within a given approximate range R to generate a signal. A processor (not 
shown separately) Jsjasspciated with second element 76 so as to receive the 
signal. The processor then processes the signal in a manner analogous to that 
described above to identify periodic movement of limb 72 of the human subject 
5 relative to the reference position. 

It should be noted that elements 74 and 76 may be reversed such that 
element 76 is mounted on limb 72 and element 74 is mounted at the reference 
position. In this case, element 76 may be provided with components of a 
wireless communications link analogous to that of the embodiment of Figure 7. 

10 It will be clear to one ordinarily skilled in the art that sensor 70 may be 

implemented using a range of different technologies known for proximity 
sensor applications. In one particular implementation, second element 76 may 
include a ^transmitter for- transmitting an electromagnetic signal of a given 
frequency, and first element 74 includes a transponder responsive to the given 

15 frequency to transmit a secondary electromagnetic signal. In another 
implementation, second element 76 senses variations in capacitance resulting 
from proximity of a conductive first element 74. In a further alternative 
implementation, second element 76 senses variations in magnetic field resulting 
from proximity of first element 74. In this latter case, first element 74 may 

20 include either a permanent magnet or an electromagnet. Second element 76 
may include a Hall effect magnetic-field sensor. 

Turning now to Figure 10; there is shown a sensor, generally designated 
80, constructed and operative according to the teachings of the present 
invention, for identifying a level of exertion of a human subject performing an 

25 exercise activity by measuring vibration generated by movement of the subject. 
Sensor 80 employs a transducer 82 positioned so as to receive vibrations 
generated by movement of at least a part of the human subject. By way of 
example, transducer 82 is shown attached to the base of a treadmill apparatus 
84. However, sensor 82 may alternatively be positioned for receiving sound 

30 vibrations caused directly by movement of the subject's body. The processing 
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and other features of sensor 80 may be understood by analogy to the sensors 
described above. 

Finally, Figures 11A-C illustrate the operational principles of a further 
embodiment of a sensor, constructed and operative according to the teachings 
of the present invention, in which a video camera is used to record a sequence 
of video images of at least a part of the human subject. A processor is provided 
for processing the sequence of video images by conventional image processing 
techniques and then analyzing them to identify periodic movement within the 
sequence of images. 

A range of conventional image processing algorithms may be used. By 
way of example only, difference mapping and edge recognition algorithms may 
be used to generate an outline of the image elements which move between 
frames. A region containing moving image elements can then be defined, and 
algorithms similar to those described above can be employed to identify 
periodic variations in the dimensions of this region. Figures 1 1A-C represent a 
sequence of video images of a subject exercising on an exercise bicycle. The 
region containing the moving image elements is indicated in each image by a 
dashed line. 

It will be appreciated that the above descriptions are intended only to 
serve as examples, and that many other embodiments are possible within the 
spirit and the scope of the present invention. 
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WHAT IS CLAIMED IS: 

1. A sensor for monitoring periodic movement of a human subject, 

the sensor comprising: 

(a) a transmitter for transmitting a wireless signal towards a region of 

the human subject; 

(b) a receiver for receiving a part of said signal reflected from said 
region of the human subject; and 

(c) a processor, associated with said receiver, for analyzing said 
reflected part of said signal to identify periodic movement of said 
region of the human subject. 

2. The sensor of claim 1, wherein said transmitter transmits an 
electromagnetic signal. 

3. The sensor of claim 2, wherein said electromagnetic signal is an 
infrared signal. 

4. The sensor of claim 2, wherein said processor identifies periodic 
movement of said region of the human subject by identifying periodic 
variations in the intensity of said reflected part of said signal. 

5. The sensor of claim 2, wherein said processor identifies periodic 
movement of said region of the human subject by identifying periodic 
variations in the Doppler shift of said reflected part of said signal. 

6. The sensor of claim 1, wherein said transmitter transmits a 
pressure-wave signal. 
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7. The sensor of claim 6, wherein said pressure-wave signal is an 
ultrasound signal. 

8. The sensor of claim 6, wherein said processor identifies periodic 
movement of said region of the human subject by identifying periodic 
variations in the intensity of said reflected part of said signal. 

9. The sensor of claim 6, wherein said processor identifies periodic 
movement of said region of the human subject by identifying periodic . 
variations in the Doppler shift of said reflected part of said signal. 

10. The sensor of claim 6, wherein said processor identifies periodic 
movement of said region of the human subject by identifying periodic 
variations in the time of flight of said reflected part of said signal. 

11. A sensor for monitoring periodic movement of a limb of a human 
subject, the sensor comprising: 

(a) a transmitter mounted on the limb for transmitting a wireless 
signal; 

(b) a receiver mounted on the limb for receiving a part of said signal 
reflected from proximal surfaces; and 

(c) a processor, associated with said receiver, for analyzing said 
reflected part of said signal to identify periodic movement of the 
limb of the human subject. 

12. A sensor for monitoring periodic movement of a limb of a human 
subject relative to a reference position, the sensor comprising: 

(a) a proximity sensor including a first element mounted on the limb 
of the human subject, and a second element mounted at the 
reference position, one of said first and second elements being 
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responsive to proximity of the other of said elements to generate a 
signal; and 

(b) a processor, associated with said one of said first and second 
elements and responsive to said signal, for identifying periodic 
movement of the limb of the human subject relative to the 
reference position. 

13. The sensor of claim 12, wherein said one of said elements 
includes a transmitter for transmitting an electromagnetic signal of a given 
frequency, and wherein said other of said elements includes a transponder 
responsive to said given frequency to transmit a secondary electromagnetic 
signal. 

14. The sensor of claim 12, wherein said proximity sensor senses 
variations in capacitance resulting from proximity of said two elements. 

15. The sensor of claim 12, wherein said one of said elements senses 
variations in magnetic field resulting from proximity of said other of said 
elements. 

16. The sensor of claim 15, wherein said other of said elements 
includes a permanent magnet. 

17. The sensor of claim 15, wherein said other of said elements 
includes an electromagnet. 

18. The sensor of claim 15, wherein said one of said elements 
includes a Hall effect magnetic-field sensor. 
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19. A method for identifying a level of exertion of a human subject 
performing an exercise activity, the method comprising: 

(a) generating range information relating to the distance from a 
reference point to a part of the human subject; 

(b) analyzing said range information to identify periodic movement 
of said part of the human subject. 

20. The method of claim 19, wherein said range information is 
generated by a proximity sensor. 

21 . The method of claim 20, wherein said proximity sensor includes a 
first element located at said reference point and a second element attached to 
said part of the human subject. 

22. The method of claim 19, wherein said range information is 
generated by a range sensor. 

23. The method of claim 19, wherein said range information is 
generated by measurement of an intensity of a signal reflected by said part of 
the human subject. 

24. A method for identifying a level of exertion of a human subject 
performing an exercise activity, the method comprising: 

(a) positioning a transducer so as to receive vibrations generated by 
movement of a part of the human subject; and 

(b) analyzing said received vibrations to identify periodic movement 
of said part of the human subject. 

25. A method for identifying a : level of exertion of a human subject 
performing an exercise activity, the method comprising: 
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(a) recording a sequence of video images of at least a part of the 
human subject; and 

(b) analyzing said sequence of video images to identify periodic 
movement within said sequence. 

26. An exercise-responsive game system comprising: 

(a) a sensor for producing an output indicative of a rate of periodic 
movement performed by a subject, the sensor including: 

(i) a transmitter for transmitting a wireless signal towards a 
region of the subject, 

(ii) a receiver for receiving a part of said signal reflected from 
said region of the subject, and 

(iii) a processor, associated with said receiver, for analyzing 
said reflected part of said signal to identify periodic 
movement of said region of the subject, said processor 
generating an output indicative of the rate of said periodic 
movement; and 

(b) a game device operatively connected to said sensor for 
implementing a computer game, said game device being 
responsive to said output to vary a parameter of said computer 
game. 

27. The system of claim 26, wherein said game device includes: 

(a) a display for displaying said computer game; and 

(b) an input device for allowing the subject to control an element of 
said computer game. 
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